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We present a general model-independent analysis on charmless B-meson decays B !  and K.
It is noticed that the nal state interactions and inelastic rescattering eects must be signicant
in order to understand the consistency of the current data. As a consequence, the relative strong
phase is found to be large  ’ (93  6). Unlike the previous results in the literature, it is shown
that the weak phase γ is allowed to be smaller and this is consistent with constraints from other
considerations of the standard model. The branching ratio for B ! 00 is predicted to be an order
of magnitude larger than calculations based on the factorization approach. The direct CP violation
asymmetries for all the above decay modes are also predicted and found to be close to the sensitivity
of the present experiments.
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Recently the CLEO collaboration has reported mea-
surements on the branching ratios of rare hadronic B
decays B ! ; K [1]. The data have aroused great in-
terests among both theorists and experimentalists. The
study of these channels will provide important insights
into the understanding electroweak penguins (EWP) ef-
fects in B-system [2], and the nal state interactions(FSI)
[3,4]. A good handle on these two eects is crucial in ex-
tracting the weak CKM phase γ = arg(VudV ub=VcdV

cb)
[5{8]from experiments. It may also open a window for
probing new physics [9]. Current data indicate that the
branching ratio for B ! +− is relatively small, i.e.,
Br(B ! +−)  4 (in units of 10−6). On the other
hand, the decays for B ! +K−; − K0 have almost
equal decay rates, i.e., Br(B ! +K−) ’ Br(B !
− K0)  17 while an unexpectedly large branching ra-
tio for B ! 0 K0 decay was also observed, Br(B !
0 K0)  14. These measurements seem to be in con-
flict with calculations based on the naive factorization
hypotheses. For the rst three decays, it was pointed
out that the factorization approach may still be valid
if one takes the weak phase γ to be greater than 90
[7]. With such a large γ, i.e., cos γ < 0, the interfer-
ence between the tree and the one loop penguin diagrams
has opposite sign in B !  and B ! K decays.
Thus, a negative cos γ will suppress the decay rate for
B !  and enhance that for B ! +K−. As a con-
sequence, the almost equal decay rates for B ! +K−
and B ! − K0 decay modes implies the strong penguin
dominance. However, the large rate for B ! 0 K0 is
not easily explained. Most recent analyses showed that a
large FSI phase would be helpful to enhance the branch-
ing ratio for the B ! 0 K0 decay [3], but only took into
account the elastic-rescatterings, and remain insucient
in tting the large central value of the data.
To understand the data, one can perform some
model-dependent calculations, or employ a more model-
independent approach to study the B ! ; K decays
as advocated by the authors of [10]. As we are deal-
ing with strongly interacting particles some model de-
pendence is unavoidable; however we can reduce it to
a bare minimum by using the well studied strong in-
teractions symmetries. The approach as suggested by
[11,12] makes use of SU(2) isospin and approximate fla-
vor SU(3) [10] symmetries of the strong interactions to
constrain and extract the weak phase γ [6]. It has been
noticed that the ratios between the CP-averaged decay
rates, such as R = Br(B ! K0)=Br(B ! 0K)
can provide us important information on the weak phase
γ. Most recently, two of us have shown that the γ may
be determined by using three ratios among CP-averaged
decay rates of B ! +−, +0, −K+ and −K0 de-
cays [8]. Two solutions were obtained at the 1 level, viz
(i) one with positive cos  and negative cos γ, i.e.,a rela-
tively small strong phase, , and large weak phase γ, and
(ii) with negative cos  and a positive cos γ. A positive
cos γ as given by (ii) seems to be favored by considera-
tions of other constraints in the standard model but all
existing studies of the charmless decays appear to favor
a negative cos γ and thus prefer solution (i). However,
there is still no complete analysis in the literature. In
fact, some important inelastic rescattering eects of the
nal states have been neglected thus far. This will be the
main purpose of the present investigation
In this paper, we shall give the most general analysis
for all the 7 decay modes of B !  and K. For that
purpose, we will start from a general parameterization
for all the decay amplitudes by considering the isospin
decompositions. We will show that there are in general
14 independent variables. By assuming the SU(3) rela-
tions and appropriately accounting for SU(3) symmetry
breaking eects, we reduce the 14 independent variables
to 8. They consist of 6 isospin amplitudes and one rela-
tive strong phase as well as the weak phase γ. Note that
1
once the relative strong phase is set to zero, B ! − K0
only receives contributions from penguin-type diagrams.
The isospin I = 1=2 and I = 3=2 amplitudes which arise
from tree-type diagrams canceled each other, which pro-
vides an additional condition [7]. Thus we are left with
only 7 relevant unknown quantities of which 5 are isospin
amplitudes and two unknown phases. We then show that
the current 6 measured decay rates allow us to extract
6 unknown quantities as functions of one variable. Once
the numerical value of γ is taken to be the one obtained
from other constraints in the standard model,then all the
parameters can in principle be determined. With such a
determined set of parameters, we are then able to predict
the branching ratio of the yet unmeasured B ! 00
decay mode. This last mode is the most dicult one
to detect and measure due to eciency in 0 identica-
tion by the current detectors. We also present predic-
tions for direct CP violations in all 7 decay channels of
B ! ; K. In our numerical tting, we have adopted
the 2 analysis for the CLEO data in order to have a
systematic treatment on the experimental errors. It is
remarkable to observe that all the 6 decay rates can be
consistently tted over a large range of the weak phase
0 < γ < 180. It is also of interest to note that the
strong phase  and one isospin amplitude have a weak
dependence on γ. The value of the strong phase is found
to be  ’ 93. In particular, the tting values for
the 4 usual isospin amplitudes considered in most of the
literature could still be comparable with the ones ob-
tained by using naive factorization approach. Here the
crucial point is that the magnitude of the additional new
isospin amplitude must be larger by an order of magni-
tude than the one estimated from the naive factorization
approach, but its absolute value remains small and is
only about 10% of the largest isospin amplitude when
the phase γ varies from 0 − 180. It may not be di-
cult to understand such a signicant enhancement for the
additional new isospin amplitude when considering pos-
sible large eects from the inelastic rescatterings such as:
B ! D+D !  + and B ! D+Ds ! +K. In fact,
the resulting large strong phase  ’ 93 also indicates
possible large inelastic rescattering eects.
We begin with writing the decay amplitude of B !
; K in the following general form







where d(s)u = VubV ud(s) and 
d(s)
c = VcbV cd(s) are the
products of CKM matrix elements. The term pro-
portional to d(s)t = VtbV

td(s) has been absorbed into








It will be seen to be useful by adopting the isospin











































































Where au,cI and b
u,c
I s are the isospin amplitudes and I
the strong phases due to nal state interactions. The
subscript I = 0; 2; 1=2; 3=2 label the isospins of the
amplitudes. The isospin decomposition facilitates the
use of SU(3) relations and the inclusion of the leading
order SU(3) breaking eects is simple. Thus, we assume
the isospin amplitudes to satisfy the following relations:
au,c0 ’ (fpi=fK)au,c1/2, au,c2 ’ (fpi=fK)au,c3/2, 0 ’ 1/2 and
2 ’ 3/2. Here fpi and fK are the ; K meson decay
constants with fpi=fK ’ 0:8. When  = 3/2 − 1/2 = 0,
the amplitudes with isospin I = 1=2 and I = 3=2 from
tree-type graphs cancel each other in B ! − K0. Thus
the total amplitude only receives contributions from pen-
guin diagrams in this case. As the t-quark dominates in
the penguin loops, we then have Au
pi−K¯0 ’ Acpi−K¯0 , i.e.,







which is assumed to be approximately valid after consid-
ering nal state interactions with nonzero strong phases.
Let us simply illustrate how to yield a large branch-
ing ratio for B ! 0 K0 from the appropriate isospin
amplitudes. Noting the fact that su  sc, one may
roughly estimate the ratio between Br(B ! 0 K0) and
Br(B ! +K−) by neglecting the terms containing the
CKM factor su. It is easily seen that to enhance the de-
cay rate of B ! 0 K0, the isospin amplitude ac3/2 should
not be neglected. Even a small value may provide a siz-
able contribution if the phase  > =2. If so there ex-
ists a constructive interference between ac1/2 and a
c
3/2 in
B ! 0 K0 and a destructive interference in B ! +K−.
With the above considerations, one sees that there are




1/2; ; γ, which are
to be constrained by 6 measured decay rates. We proceed
by taking the weak phase γ to be a free parameter, the
rest 6 variables will be determined from the six equations
given by eqs.(2-8). Presently the errors in the data are
still large, one cannot take the central values of the data
to be too seriously. One has to account for the experi-























FIG. 1. The isospin amplitudes tted as functions of the
weak phase γ from the 2− analysis of the recent CLEO data.
The vertical bars indicate the errors at 1 level.
a global 2( least square) analysis of the available data.
The treatment allows us to obtain not only the central
value but also the errors for the tting amplitudes. Our
tting will be carried out by using the standard 2 anal-
ysis program package MINUIT [14].
The tting results are shown in Fig.1, where the six
amplitudes as well as their errors at the 1 level are given
as functions of γ. It is noticed that  is almost uniquely
xed with a large value [15]  ’ 93. Note that a large
 alone is not sucient to explain all the data. To con-
sistently describe all the data, a relatively large value of
the additional isospin amplitude ac3/2 ’ −(60  80) in
comparison with the value of  −7 estimated from the
factorization is necessary. Before proceeding, we would
like to point out that in the factorization approach, one
yields a zero strong phase  = 0 which actually contra-
dicts with the general tting value of  ’ 93. There-
fore, in our view results from estimations based on the
naive factorization approach should be unreliable, and
the isospin amplitudes must receive additional large con-
tributions. The large value for the relative strong phase
 = 2 − 1 ’ 93 and sizable value for the amplitude
ac3/2 implies that the nal state interactions or inelastic
rescattering eects must be signicant. In this sense, the
relative small value of the weak phase γ < =2 may be
acceptable and the discrepancy caused by the charmless
decays will disappear. In Fig.2, the Brs of B ! ; K
are plotted as functions of ac3/2 when γ is taken to be 70
.
It can be clearly seen that in order to perfectly explain
all the data especially for B ! 0 K0 and B ! 0K−
modes. one needs a large value of ac3/2  −75. Note
























































FIG. 2. The branching ratios (solid lines) of B ! ; K
as functions of ac3/2 with γ xed at 70
. The dash lines are
the central values of the measurements. The shadowed bands
indicate the errors of the data at 1 level.
contributions from the electroweak penguins which can-
not be large. However, the situation can be quite dier-
ent when the nal state inelastic rescattering processes
are considered. As B-meson is heavy, a large number
of inelastic rescattering processes could occur, such as
B ! D + D !  +  or B ! D + Ds !  + K. This is
also consistent with the large value of  which can also
be caused by the important FSI and inelastic rescatter-
ing eects. As the isospin amplitude bc1/2 and the strong
phase  only slightly depend on the phase γ, their values
can be thought as two of our predictions in this paper.
Explicitly their numerical value are:
 = 2 − 1 ’ (93  6) ; bc1/2 = −120 14 :
(10)
Another important prediction is the relative large isospin
amplitude ac3/2
ac3/2 ’ −(60  80) 18 (11)
where the central value is about 8  10 times greater
than the one obtained from the factorization calcula-
tions. In the above ttings we have choosed bc1/2; a
c
1/2
and ac3/2 to be negative which is in agreement with the
factorization approach. Since in the factorization calcu-
lation ac3/2 is expected to be small  −7, there exists
a possibility that large FSI may change its sign to be
positive. By assuming a positive ac3/2, the tting gives
ac3/2 ’ +(60  80) 24,  ’ 85  9 with other quanti-
ties remain almost unchanged.
So far all the relevant isospin amplitudes have been
determined as functions of γ, this allows us to predict the
branching ratio B ! 00 and direct CP violation in all
decay modes as functions of γ. It is interesting to note
that our 2-analysis shows that the resulting branching
ratio Br(B ! 00) is almost independent of γ and its
value is close to the one of B ! +− decay
Br(B ! 00)  4:6 10−6 : (12)
which is larger by an order of magnitude than the one
based on factorization. The resulting numerical value for
Api
+K−
CP is consistent with the most recent data A
pi+K−
CP =
−0:040:16. When taking γ to be in a reasonable range
γ = 45  85, we are led to the following results (see
g.3
jA(pi+K−)CP j ’ (2:5  4)% ; jA(pi
0K¯0)
CP j ’ (3:5  5)% ;
jA(pi0K−)CP j ’ (7:5  11)% ; jA(pi
−K¯0)
CP j ’ (4  7:5)% ;
jA(pi+pi−)CP j ’ (7:5  12:5)% ; jA(pi
0pi0)
CP j ’ (7:5  12)% :
which can be directly tested by experiments in the near
future. Note that if ac3/2 is allowed to be positive as
mentioned above, the resulting CP asymmetries may be
quite dierent. The ACP s for B ! K maybe 10 
30% and the ACP s for B !  may reach 60%. The
branching ratio of B ! 00 is near 3.6.
In conclusion, we have made a more general model-
independent investigation on the charmless B-meson de-
cays by using the 2 analysis based on the most recent
CLEO data. All the isospin amplitudes and the rela-
tive strong phase as well as direct CP violation in rare
hadronic B decays B ! ; K have been determined or
predicted as functions of the weak phase γ. The general
analysis presented in this paper strongly suggests that
the nal state interactions and inelastic rescattering ef-
fects must be signicant and they play an important rule
in the charmless B ! ; K decays.
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